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INTRODUCTION
Ebbecke (1) in 1923 found that intravenously injected trypan
blue or trypan red localized and appeared in the skin in both
histamine wheals and in wheals produced by ragweed injected
in ragweed sensitive individuals. Since the dye was visible in the
area of edema there was apparently an enhanced permeability of
the capillary wall. Ramsdell (2) made use of this phenomenon
to investigate immediate skin reactions in rabbits and guinea
pigs. Trypan blue was injected intravenously with appearance
of the dye occurring in the reactions at actively, passively, and
reversed passively sensitized sites. Histamine also gave positive
results under certain conditions. According to Leszecynski (3),
however, histamine may accelerate absorption of trypan blue
from the human skin. In view of the fact that histamine and
certain allergic responses in man may be considered to be reversible
reactions, i.e., there are no permanent morphological changes,
one may consider the experiments which have been performed to
investigate the fixation of colloids by zones of inflammation.
1 From the Medical Service of Dr. George Baehr, and the Laboratories of the
Mount Sinai Hospital, New York City, and the Biological Laboratory, Cold
Spring Harbor, Long Island, New York.
A colored motion picture depicting in principle the phenomenon of dye ab-
sorption by ragweed wlieals here reported was shown at the meeting of The Long
Island Biological Association ii October, 1936. A summary of the results was
printed in the bulletin of the Thirteenth Annual Meeting of the Long Island
Biological Association.
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Opie, Menkin, and others (4) have studied in detail the fact that
colloids injected intravenously are fixed by areas of inflammation.
These two series of observations, the one stressing the entrance
of molecules of colloidal size into histamine and allergic wheals,
the other describing the accumulation of molecules of similar
diameter in regions where other pathologic processes were in
progress, have been merged, perhaps unjustifiably, in attempts
to link the mechanism of wheal formation with that of inflamma-
tion. The investigations to be reported here include the net
effect of the formation and disappearance of wheals on the rate
of disappearance (absorption) of crystalloidal dyes, colloidal
dyes, of red cells, and of blood pigments from the human dermis.
It has been found that wheal formation and subsequent wheal
disappearance are usually accompanied by an ultimate accelera-
tion of absorption of the dyes and blood cells. These findings are
not contradictory to these of Ebbecke, that colloids injected
intravenously may accumulate in the area of the wheal during
formation. They do show that if the history of the colloid or
particle in the whetl is followed, the fundamental processes
involved in wheal disappearance may also be connected with
acceleration of absorption of crystalloids and colloids present in
the wheal itself. Thanks to the recent contributions of McMas-
ter and Hudack (5) who have made studies of the absorption
processes of skin lymphatics, many of the observations here
reported may be fairly well interpreted.
METHODS
I. Dyestuffs
a. General procedure. Both red and blue dyes were employed.2 Injections
were made into the anterior aspects of the forearm or thigh. A few experiments
were done on the outer aspect of the upper arm. The distribution and presence
of the injected dye was observed with the naked eye. No microscopic technique
was employed, like that in the series of McMaster and Hudack (5) to determine
the finer lymphatic distribution. The crystalloidal dyes were phenol red and
brom thymol blue. The colloidal dyes were trypan blue and congo red. It was
found very soon that it was difficult to distinguish the appearance of the red
2 It is assumed that the whealing effects due to primary toxicity of the dyes are
unimportant as compared with the effects due to histamine or allergen.
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dyes without bringing pressure to bear on the surface of the skin, because of
residual erythema. However, with a watch glass it was possible to get rid of the
erythema and observe the disappearance of the red dye. It is necessary to have
a convex surface pressing against the skin. When the wheals were produced by
ragweed, the dye and the ragweed were previously mixed in the proper concen-
trations. The histamine was either mixed and injected with the dye, or given by
iontophoresis (6), or pricked into the skin over the colored area. In some experi-
ments the dye was injected into the histamine wheal immediately after it had
formed. The method of the administration of the histamine did not apparently
alter the general effects observed. The concentrations of dyes employed were
usually 0.1%, although solutions of other concentrations were occasionally used.
In the case of colloidal dyes it was frequently necessary to use more than one
dose of histamine to obtain the effects observed. A second dose of ragweed was
occasionally administered. However, some dye disappearance was always noted
even with only the one dose. The dyestuffs did not appreciably decrease or
enhance the urticariogenic activity of the ragweed or the histamine in the concen-
trations of the latter substances employed, although the dyes themselves occa-
sionally led to the formation of slight wheals due to irritation.
b. Criteria of comparison. It was found desirable to study the disappearance
of the dyestuffs on the basis of the original diameter of the colored areas rather
than on the basis of the volume of dye solution injected. The original diameter
is indicative of the actual quantity of dye deposited at a certain given level in
the skin. For example, a very large volume of dyestuff could be given subcu-
taneously with little evidence present of its having been injected, whereas, if the
dyestuff was always given at approximately the same level in the cutis, the diam-
eter of the colored zone was apparently a fairly accurate measure of the volume
injected. That is, if the level of injection in the cutis was essentially constant,
the volume injected for a given diameter was approximately the same in the same
skin. Another point of importance in planning experiments of this type is the
relationship between the diameter of the visible colored area produced by the
injected dyestuff and the rate at which the dyestuff disappears in normal indi-
viduals. A series of experiments was done in adults. It was found that when
the colored areas varied between 2 and 8 mm. in diameter there was only a small
difference in the rate of disappearance. Usually the smaller colored zones disap-
peared more quickly. But the slight difference of time between the disappear-
ance of a zone of dye having a diameter of 2 mm. and one of 8 mm. was negligible
compared with difference in time required for the disappearance of dye from rag-
weed or histamine treated areas, as compared with the time required for dye
disappearance from sites not subjected to histamine or allergic wheals.
II. Blood cells and pigments
a. General procedure. Blood was drawn from one of the veins of the forearm and
injected intradermally into the anterior aspect of the forearm or thigh. The rag-
weed, histamine, or salt solution was then injected in small volume through the
same needle-puncture. The depth of the injection into the cutis to a large ex-
tent determined the course of the experiment and the validity of the conclu-
sions. It was of some importance that the blood be injected neither too deeply
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nor too superficially, but with the formation of a slight papule. If injected too
deeply, the disappearance of the blood could not be followed possibly because
the blood might have been drawn off by the deeper vessels. When the injection
was too superficial, a peculiar superficial spreading and deposition of blood pig-
ment occurred, apparently in the epidermis. This pigment in time peeled off
with the keratin layers. When this occurred it was difficult to ascertain how
much of the blood was absorbed.
b. His gamine lontophoresis. A simple method of administering histamine by
iontophoresis was developed so that extensive areas of blood or pigment deposit
could be treated economically. (The same method was used for studying the
absorption of dyes.) Tablets containing 3 mg. of histamine phosphate were
crushed directly on absorbent cotton previously moistened with distilled or tap
water. The tablets were spread into a thin paste and rapidly dissolved, the more
concentrated drug being placed near the skin. The drug was administered over
and beyond the site of the injected blood.
EXPERIMENTAL
I. Cry.stalloidal dyes
A solution of 0.1% brom thymol blue in buffered saline was
injected intradermally in a large number of normal individuals,
the area of the colored zone being between two and eight mm. in
diameter. Under these conditions if the dye was injected with-
out added ragweed or histamine, the colored dye remained visible
in the skin from 6 to 24 hours before complete disappearance. If
however, a suitable concentration of ragweed extract was mixed
with the dye and the mixture of ragweed plus dye was injected
intradermally in a ragweed sensitive individual, the following
sequence of events was typical of what occurred. Incidental to
the formation of the original wheal the dye remained fairly well
localized. But as the wheal grew, covering an area much larger
than the original colored area of the dye itself, the dye showed
some movement into the wheal, and the colored area increased in
diameter. The formation of the wheal gives the impression of a
dilution of the dye but there is no evidence that there is an appre-
ciable acceleration of dye absorption during the first few minutes
of wheal formation. Depending upon the quantity of ragweed
injected and the size of the wheal formed, the dye begins to dis-
appear as the wheal itself begins to disappear, although as far as
can be observed by this method, there can be almost complete
disappearance of the dye within forty minutes. Experiments
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performed with various Concentrations of mixtures of ragweed
plus dye, keeping the concentration of the dye constant, have
shown that as the size of the wheal decreases there is a diminution
in the effect of the wheal on the disappearance of the dyestuff.
In fact, if a high concentration of ragweed is injected into a patient
with clinical ragweed hay-fever whose skin reactions to ragweed
are slight, the dye in the control area and the dye in the area
which contained ragweed plus dye show no appreciable change
in absorption rate. It should also be noted that mixtures of
ragweed plus the dye in individuals not reacting to ragweed
showed no acceleration of dye absorption. To summarize then:
depending on the reaction of the skin to ragweed, i.e., the extent
of the formation of the ragweed wheal, an acceleration of absorp-
tion of a crystalloidal dye like brom thymol blue will occur.
The question naturally arose as to whether the increased speed
of absorption incidental to the formation and disappearance of
the ragweed wheal was due to a mechanical flushing out of the dye
by the tissue fluids into the skin lymphatics. To test the hypoth-
esis that a mechanical flushing out had occurred, a 0.1% solution
of brom thymol blue was injected into the anterior aspect of the
forearm of a normal adult male. Into the same region but not
into the same needle hole, were injected four volumes of 0.1 cc.
each of buffered saline solution about the area of the dye in four
places so that the resulting papules elevated the skin at the site
of the injection of the dye. Except for some diffusion of the dye
at the end of forty-five minutes the saline was almost entirely
absorbed, while most of the dye remained in situ. At the same
time that this experiment with saline was performed, a similar
experiment using a solution of (1: 1000) of histamine dihydro-
chloride was carried out in a similar manner. In forty-five
minutes practically all of the blue dye had disappeared from the
histamine area. At the end of one hour an additional 0.3 cc. of
saline was injected around the same area of dye which had re-
ceived 0.4 cc. of saline previously. At the end of two hours,
some absorption of the dye had occurred in the area treated with
saline, but not to the extent of that occurring with the histamine.
Other attempts to reproduce, by means of a simple mechanical
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prcess, an effect similar to that of ragweed or histamine in accel-
erating the absorption of a crystalloidal dye were essentially
without success. If, for example, a sufficient volume of saline
is injected into the same needle hole, the mechanical effect of
the saline being forced into the dye papule results in spreading
of the dye which is diluted by the progress of the saline into the
planes of the interstitial tissues. This picture is altogether
different from that of dye absorption as produced by the hista-
mine or the ragweed in the ragweed sensitive individual.
It was noted that the control depots of dyestuff located in the
erythematous areas surrounding the ragweed or the histamine
wheals did not show a speed of disappearance comparable to that
observed in the area of the wheal itself. To test the effect of
erythema (flare), wheals were produced by means of histamine
in a fashion so that the wheals only partially covered the colored
areas of dye. The boundary of the wheal was carefully noted.
It was found that the acceleration of dye absorption occurred
only over the area on which the wheal had encroached. In
other words, it was necessary for the processes involved in wheal
formation and disappearance to produce a marked acceleration
of absorption; erythema alone did not suffice to achieve the effect.
Results similar to those noted in the foregoing were obtained
when histamine was given by iontophoresis or pricked into the
area. A few experiments were performed in which the dye was
injected into the wheal after it had formed. Under these condi-
tions, the same acceleration of absorption occurred.
In order to study whether the excretion of the dye followed
its absorption, a few preliminary experiments have been per-
formed on the excretion of phenol red in the urine after intra-
dermal injection with and without histamine. The experiments
thus far performed indicate that this absorption process directly
observable in the skin itself may be followed in the urine.
Under the conditions of our experiment, (which employed
certain dyes as indicators), it was convenient to observe that
incidental to the formation of the ragweed or histamine wheal,
no gross change in the pH of the dermis occurred as observed by
the crude colorimetric method employed. As far as could be
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ascertained by this method, there was no appreciable change in
the pH either during the formation of the ragweed or histamine
wheals or during the disappearance of both. This is not unex-
pected in view of the nature of the equilibrium phenomena in
plasma and in the tissue fluids. It would be of interest to make
further studies with an electrometric method.
Dye absorption in the control areas occurred in at least two
ways. In one instance, more rapid absorption seemed to occur
around the original site of the insertion of the needle, that is,
the central area of the colored zone seemed to lose its dye more
quickly. In other instances, the colored area in the center
remained deepest and the dye absorption took place more rapidly
in the periphery.
II. Colloidal dyes
The study of the effect of ragweed and histamine on the absorp-
tion of colloidal dyes like trypan blue and congo red, as used in
these experiments, is more complicated, because of the difference
in diffusibility. If a 1% solution of these dyes is injected to form
colored zones of 2 to 8 mm. in diameter, the color of the dye may
persist for many weeks. If a mixture of trypan blue (0.1%)
and a concentration of ragweed extract sufficient to produce
whealing is injected intradermally into a ragweed sensitive
patient, the following sequence is typical of what may occur.
The trypan blue, if injected alone, may in some subjects produce a
small irritative wheal about the edges of the dye papule. When
this irritative wheal disappears, the dyestuff is essentially un-
affected. When dye and ragweed mixtures are injected into a
ragweed sensitive skin, there is, incidental to the disappearance
of the ragweed wheal, a definite diminution in the amount of
dyestuff present with some slight diffusion into the wheal. How-
ever, as mentioned previously in the case of crystalloidal dyes,
the dye does not follow the path taken by the ragweed wheal,
although some diffusion does take place. Five hours after the
injection of the dye in a typical experiment, except for a slight
bluish tint, which extended over a wider area than that originally
covered by the dye, the dye had practically all disappeared.
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About twenty hours later, all of the bluish color of the dye had
gone, whereas a considerable depot of the dye was still to be seen
in the control area. In the particular case cited, there were
several features in the control area which were of interest.
Twenty-four hours after the injection, some of the dye in this
control area had noticeably begun to disappear, rather markedly
so along the site of the needle puncture. Around this site, there
was a small area with practically no dye. In another experiment
with ragweed, the original area occupied by the dyestuff was
decolorized, but in the area occupied by the ragweed wheal there
still persisted a light bluish tint 24 hours after the whealing.
However, as in the previous experiment, the ragweed wheal had
led to practically complete disappearance of the dye.
An interesting phenomenon in this connection was observed
after pricking histamine into a 0.1% congo red zone. Although
the treatment with histamine led to almost complete disappear-
ance of the dye approximately 24 hours after the experiment
had begun, there was nevertheless a slight accumulation of the
dye in the area surrounding the site of the histamine wheal.
This observation may correspond to a phenomenon observed by
Hudack and McMaster (7). These authors found that incidental
to the process of wheal formation, the dye already in the lym-.
phatics of the skin could be pushed out ahead of the wheal as it
formed. This would lead, therefore, to secondary deposits at
the periphery of the wheal which would not be affected by the
wheal disappearance, but which would, perhaps, not be made
clearly manifest until the wheal and the surrounding erythema
had subsided.
Experiments similar to the foregoing on the acceleration of
dye absorption have also been performed with mixtures of dye
plus histamine or by means of histamine iontophoresis. Accel-
eration of absorption was obtained in nearly all instances,
although if the histamine concentration was too low or the ion-
tophoresis was not given for a long enough period, a second dose of
histamine was sometime necessary. In general, with trypan blue
and histamine iontophoresis, it was usually necessary to adminis-
ter the histamine by iontophoresis two or three times in order to
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obtain complete disappearance of the dye. If the histamine was
injected directly with the dye, and if the histamine concentration
was high enough, approximately 1:500, one injection of the hista-
mine plus dye was usually sufficient to obtain practically complete
disappearance of the injected dye within twenty-four hours.
In general there were two ways by which the trypan blue dis-
appeared. In one, the absorption seemed to take place more
rapidly around the periphery of the colored area. In another
type of skin, perhaps because of some difference in the anatomic
structure, or of the nature of the permeability of the lymphatics,
as the dye disappeared it diffused more markedly, so that a
peripheral lightly colored zone appeared.
III. Blood cells and blood pigment
a. Injected blood. Having shown that depots of both crystal-
loidal and colloidal dyestuffs experienced an accelerated absorp-
tion from the site of intradermal injection following the produc-
tion of ragweed or histamine wheals in these areas, it was of
interest to investigate some relatively non-irritating, readily
absorbable particulate matter. Red blood cells from the individ-
ual to be experimented upon were chosen for this purpose. Blood
was taken as described under "Methods," and injected intra-
dermally so that small papules of whole blood from 4 to 8 mm.
in diameter were formed. The following described a typical
sequence of events in experiments with whole blood, into which
ragweed or histamine were either injected or administered by
iontophoresis.
1. March 24th, S. S. Intradermal injections of autogenous blood were given
in four sites on the anterior aspect of the right thigh of a ragweed hypersensitive
female, age 23 years. The second area of blood having the deepest color and the
greatest amount of blood superficially, was used for the injection of ragweed. In
the blood deposit distal to this a small amount of buffered saline was injected.
The volume in each ease was 0.2 cc. The ragweed concentration was 0.01 mg.
of nitrogen per cc. A large wheal formed at the site of ragweed injection and
spread over the adjacent control papule of blood. About six hours later most
of the injected blood in the zone which had been treated with ragweed had
practically disappeared except for a small quantity around the point of en-
trance of the needle. There was an area of erythema extending 1 centimeters
out from the needle point. The control area, that is, the blood depot just distal
FIG. 1. EFFECT OF HISTAMINE ON WHOLE BLOOD INJECTED INTEADEEMALLY
(a) Three intradermal injections of whole blood.(h) The central papule received 0.1 cc. of 1:1000 histamine immediately after
the injection of blood.(c) The next day there was a faint reddish discoloration and very little purple
pigment present in the central papule.(d) One week later: complete disappearance of blood from central site, with
controls still showing large amounts of yellow and purple pigment.
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to the area injected with the ragweed, remained apparently unchanged. In the
most distal of the four injected zones, histamine was given by iontophoresis for
five minutes, seven hours after the initial injections. The wheal had an elevation
of about two millimeters above the surface, and the blood beneath it was almost
completely obliterated because of the overlapping wheal.
After 24 hours, examination of the four areas of blood deposits revealed the
following. The uppermost area, which had had no treatment whatsoever, showed
no change except that usually occurring with injected blood and corresponded
closely to the third depot which had received saline. There was a small purple
area surrounded by yellow pigment. The second area which had been treated by
ragweed extract and which had shown a marked absorption of blood immediately
after the injection of the extract showed very little purple or yellowish pigment
except around the original site of the blood injection. This area showed less
evidence of having had a blood depot than did any of the other areas. The
lowermost area, which had been treated by iontophoresis of histamine, showed a
rather large amount of yellow pigment with practically no purple pigment.
2. April 20th., R. P. Five intradermal injections of blood (papules about 5
mm. in diameter) were made on the anterior aspect of the right thigh of a female,
age 23 years. Four of the depots formed the corners of a square. In the upper
left depot of blood approximately 0.2 cc. of physiological saline was injected.
Into the depot just below approximately the same volume of 1:2000 histamine
phosphate was injected. The three areas remaining were left as controls. After
8 hours, the area which had been treated with histamine was practically com-
pletely clear of blood and blood pigment, with only a few small erythematous
areas observable. There was a small patch of reddish material (which may have
had some yellow admixture) about the entrance of the needle point. At least
90% of the injected blood was gone. The blood depots into which saline had been
injected as well as the other control areas showed no comparable change. After
18 hours, the area which had been treated with histamine intradermally appeared
unchanged except for an area of yellow brownish pigment extending over what
was approximately the size of the original histamine wheal. This was not as
intense as a similar type of pigment around the control zone.
We found in general that if the histamine were given by iontophoresis, the
disappearance of the blood depot did not take place as quickly as if the drug or
ragweed had been given by injection directly into the papules of the injected
blood. However, as in the case of trypan blue, a second administration of hista-
mine by iontophoresis usually succeeded in removing most of the residual blood
deposit and purple pigment. This method is quite suitable for close observation
of the effect of the formation of the yellow blood pigment. The yellow pigment
which forms in any extravasated area of blood did not disappear if the histamine
or ragweed had been injected some time after the blood had been injected. That
is, if sufficient time had elapsed for a breaking down to occur, the yellow pigment
was carried radially from the original site of the blood papule and remained in
the skin irrespective of previous injections of ragweed or histamine. This was
easily observable in those experiments in which the absorption of th& deposit of
blood was accelerated by means of histamine iontophoresis, only one, two, or
more days following the injection and after considerable hemolysis of the injected
blood had occurred. To show that when yellow pigment was present the ionto-
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phoresis of histamine and the subsequent wheal formation only removed the
purple pigment but left the yellow pigment in place, a histamine wheal was formed
by iontophoresis in an area having both yellow and purple pigment. The wheal
was formed in such a way as to cause the edge of the wheal to cut the purple area
in two parts. The edge of the wheaI after it had completely formed, was outlined
in ink. After the wheal had disappeared, the original site had the purple pigment
on one side of the ink line and yellow on the other. That is, only the purple
pigment had disappeared. This has been borne out by numerous other experi-
ments on the effect of histamine iontophoresis on extravasated blood discussed
elsewhere in this communication.
b. Effect of erythema. It has been mentioned in the foregoing
that the erythematous area surrounding the ragweed or hista-
mine wheals did not markedly accelerate the absorption of dye-
stuff s from the site of the injections. However, less striking
effects may have been present in these circumstances, but these
have not been studied. In order to compare the effects of wheal
and erythema directly the following experiment was performed.
Six mm. (diameter) papules of whole blood were produced on the anterior
aspect of the forearm of an adult male.
Two treatments of histamine by iontophoresis were given for five minutes
each with an average current density of about 1.5 milliamperes, the wheal edging
over on adjoining blood papules.
The results may be summarized as follows: After 24 hours it was
observed that there were small defects in the blood papule,
following the outline of the edges of the previous wheal. These
defects showed a diminution but not a complete loss of pigment
where the wheal had encroached on the blood depot. While we
believe that the accelerated circulation in the zone of flares sur-
rounding the wheals certainly must have effect on absorption,
this could not be determined under our experimental conditions.
c. Clinical application to extravasated blood (non-experimental).
Purplish bruises resulting from extravasation incidental to veni-
puncture were treated with histamine iontophoresis. This tech-
nique removed all of the purple pigment in six instances. The
yellow pigment remained, however, the intensity and extent of
the yellow discoloration being dependent on the age of the bruise.
Fresh bruises were most easily treated.
However, histamine iontophoresis, was not effective in remov-
SKIN REACTIONS 77
ing all types of blood extravasation. Thus the blood pigment
due to hemorrhages into the skin following bites were not readily
removed, presumably because of the injury to the lymphatics.
The method was also ineffective in removing the purple pig-
ment in the upper arm of a patient who had had an injection of
sterile water previously. Her clinical diagnosis was uncertain
at the time, but there was a moderate anemia present.
It would be of interest to apply this technique to various types
of purpura. Evidently, a new method of classification could be
evolved if types of purpuric lesions resistant to histamine ion-
tophoresis are encountered.
DISCUSSION
The important observations of McMaster and Hudack on the
escape of dyestuffs from the skin lymphatics after injury offer
an explanation for the fact that a large histamine or allergenic
wheal apparently spreads more rapidly than a crystalloidal dye
diffuses or is carried by the lymphatic fluids. That is, the wheal
can extend well beyond the colored area. On the basis of our
findings and those of McMaster and Hudack, we believe it prob-
able that a large histamine wheal forms, not by diffusion of the
histamine but by convection into the lymphatic capillaries and
secondary escape into the interstitial tissues. Here the histamine
may act at a new site on the blood capillaries. Some of the
histamine which has left the lymphatics and gone into the inter-
stitial tissues may again be absorbed by the lymphatics and
together with the original intralymphatic histamine again escape,
and spreading in this fashion extends the wheal until an ineffective
concentration of drug is reached far from the site of the injection.
On the other hand, a small quantity of dye, in the concentrations
here employed, could go through the same processes of lym-
phatic absorption and escape to produce only a faintly colored
area which would soon become indiscernible to the eye, not
extending to the periphery of the wheal. In other words, the
eye is much less sensitive to the presence of the dye in dilute
solution than the skin to the action of the histamine under the
same conditions. (See figure 2.) It may in the future be pos-
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sible to follow this process more closely by microscopically ob-
serving the path of red cells or other particulate matter in the
histamine wheal.
The fact that wheal formation and disappearance accelerates
the absorption of deposited colloids is of interest, for example,
in connection with the fate of ragweed allergen injected in the
course of treatment of hayfever. It is not known to what extent
the skin of an individual sensitive to ragweed fixes ragweed
locally. (See for example Cohen, Ecker and Rudolph (8).) It
remains to be seen whether the local fixation of injected ragweed
(or other antigens) which may occur could depend upon the
severity of the reaction following the injection. In some in-
stances the rate of acceleration of absorption by wheal formation
and disappearance could be sufficiently high to more than com-
pensate for the fixation rate. In any event it seems likely that
certain constitutional reactions may be dependent upon rapid
Dye
Lyniphatic
capLttary
Dye but
thv(sLbte
of' dye visLbLLity
FIG. 2. DIAGRAM TO ILLUSTRATE THE PROPOSED RELATIONSHIP BETWEEN THE
VISIBLE SPREAD OF THE DYE AND HISTAMINE WHEAL-FORMATION
For details see text
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lymphatic drainage incidental to whealing by the mechanism
here described.
It has been shown that the net result of the immediate wheal
reaction to intradermal injections of ragweed in ragweed sensitive
individuals and to the intradermal injection of histamine, is an
acceleratioji of absorption of intracutaneous depots of crystal-
loidal and colloidal dyes (if wheal formation is sufficiently
vigorous). No evidence of fixation of dyes by wheal formation
has been observed. These observations are in accord with those
of McMaster and Hudack (5) who produced regions of infiamma-
According to this picture and observations of McMaster and Hudack, the
addition of homologous serum, (which retards escape of dyes), to the ragweed
solution may lead to a diminution of the intensity of the local reaction by pre-
venting escape of ragweed into the interstitial tissues. One of us (H. A. A.)
wishes to make a preliminary report in regard to this subject. Ragweed dis-
solved in homologous normal serum containing 0.4% phenol was administered
in the usual therapeutic dosage to several patients whose local reactions of
swelling, redness, and itching occurred to an unpleasant degree with ordinary
ragweed solution. The administration of ragweed extract in normal human
serum diminished these signs and symptoms. There was apparently no diminu-
tion in the efficacy of the treatments by this method.
It is planned to run a large series of cases to determine more definitely the
results of treatment by mixtures of homologous serum plus allergen. According
to the point of view of the writer, the diminution of the local reaction is desirable
because the removal of the allergen from the skin should be somewhat retarded
with better immunization resulting from a more persistent deposit of ragweed in
the skin.
Preliminary experiments designed to isolate histamine from ragweed wheals
have been unsuccessful in experiments carried out with Dr. V. Lubkin. The
mechanism of escape of colloids from lymphatic capillaries provides a mechanism
not involving a readily diffusible substance like histamine, which fact may ac-
count for the rapid growth of allergic wheals. Taking ragweed or egg albumin
solutions as typical colloids, the introduction of a small quantity of these sub-
stances intradermally in a hypersensitive skin leads to absorption and convection
by the lymphatic fluids. Escape into the interstitial tissue, however, would lead
to reaction with blood capillaries in a new site. This process of absorption and
escape aided by the transudation of liquid would lead rapidly to typical wheal
formation. Diffusion, (used in its physical sense), cannot account for the rapid
growth of an allergic wheal produced by egg albumin or ragweed because of the
slow diffusion rate of these substances. In fact, it can be readily shown that the
diffusion process, (used in its physical sense), cannot even account for the spread
of a histamine wheal. Some process associated with a bodily flow of liquid, a
convection process, must be invoked.
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tion by streptococcus toxin and typhoid vaccine. Twenty-four
hours after the injection of the antigen, equal volumes of 11%
patent blue V were injected into inflammatory and normal areas.
The lymphatics in the region of inflammation were so permeable
that the dye passing into them escaped at once from the lym-
phatic channels into the interstitial tissue to yield an even, deep
coloration. This was not true in the control sites. Within
twenty-four hours it was evident that the dyes were being
absorbed more rapidly from the inflamed areas. McMaster and
Hudack ascribe the accumulation of colloids in the experiments
of Menkin and others to the fact that Menkin (4) apparently
dealt with purulent and necrotic lesions. In our experience the
simplest manner of acceleration of dye and blood absorption from
depots in the skin was by the use of histamine. The presence of
histamine alone in the zones of inflammation could hardly
account, therefore, for the accumulation of colloids in Menkin's
experiments.
Since crystalloidal dyes like brom thymol blue may disappear
from the site of a marked immediate-wheal reaction in a fraction
of the time required by controls, the phenomenon could perhaps
be used as an indicator of certain positive skin reactions. It has
been mentioned in the introduction that Ramsdell (2) used the
phenomenon of intravenously injected trypan blue accumulation
in actively, passively, and passively reversed sensitized sites.
Perhaps the accelerative forces of absorption of the wheal were
negligible in Ramsdell's experiments in comparison with the rate
of extravasation of the dye. On the basis of our experiments on
sensitized skins, an acceleration of absorption is to be anticipated
as the net result of vigorous wheal formation. It would be of
interest to extend this method to passively sensitized skin sites.
It is difficult to determine whether the injected red cells were
absorbed as intact cells or only after their disintegration. The
introduction of a small volume of ragweed solution containing
0.4% phenol probably hastens hemolysis. That this accelera-
tion of hemolysis is not great was readily demonstrated by adding
a drop of whole blood to 10 cc. of buffered salt solution containing
0.4% phenol and incubating at skin temperature. At the end of
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two hours, few of the erythroeytes were hemolyzed, phenol
evidently having a fixative effect of some sort.
The smallest lymphatic vessels of the skin of the mouse as
demonstrated by the injection technique of Hudack and McMas-
ter are 15 in diameter. There is, therefore, no obvious mechan-
ical reason why intact red cells could not readily be picked up by
the flow of lymphatic fluids and enter the lymphatics.
SUMMARY
1. Previous investigation has shown that accumulations of
intravenously injected dyestuffs and of colloids occur in the skin in
sites of allergic and histamine wheals. A similar accumulation
has been observed in areas of inflammation.
2. Employing the methods cited, the absorption of intracu-
taneous depots of dilute solutions of crystalloidal and colloidal
dyestuffs was examined incidental to the formation and disap-
pearance of allergic and histamine wheals at the depot sites.
An acceleration of absorption of dyestuff was always observed in
both types of wheals.
3. Intradermally injected whole blood as well as certain blood
pigments undergoes the same phenomenon of accelerated absorp-
tion attributable to the net result of whealing.
4. Extravasated blood as well as purple blood pigment is ab-
sorbed comparatively quickly if histamine iontophoresis is em-
ployed. Not all types of blood extravasation respond in this way.
5. The bearing of (1), (2), (3), and (4) on the mechanism of
the phenomena of inflammation, of wheal formation, of skin
fixation of allergens, and on certain constitutional reactions
following diagnostic and therapeutic injections of allergens is
discussed.
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